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BIOCHEMICAL AND GMETICAL STUDIES ON INH HMBTABCIS(

I. CONFIRMATION OF THE TRI)VDALITT OF THE FRUQIMCY DISTRIBUTION• U
OF THE BIDLOGICALLY ACTIVE ISONIAZID LEVMS IN SERA OF CAUMASIANS

Sunahara-Urano's hypothesis about the genetical patterns of isoniasid
inactivation is based on their observation of the trimodal frequency
distribution curve of the biologically active isoniasld concentrations
6 hours after the dose of 4 mg/kg body weight of Isoniauid corresponding
to rapid, intermediate and slow inactivation of isoniazid in the human body
and the validity of their hypothesis has been verified both by the family
study and by the Vnpulation survey on the Japanese, Ainus, Koreans,
Chinese and Thai. (c f. Annual Report for 1962, Science 134, 1530, 1961
and Bulletin of the International Union against Tuberculosis 32, 513, 1962)

According to their hypothesis, slow and rapid inactivators are homozygous
and intermediate heterozygous, and inactivation of isoniazid is concerned
with inheritance without dominance. But other investigators, such as Knight
and Harris, Evans and Mc~uabk, etc. were failed to establish a trimodal
distribution curve and they were only successful in distinguishing two
modes: "slow" and "rqpid". Though Knight et al mentioned "intermediate"
too, this term meant for them nothing but an antimode or a valley in the
trimodal distribution curve, while "intermediate"in our classification is a
mode or a distinctly defined group of subjects quite similar to "slow" and
"rapid". It is the reason why American and English researchers hesitate to
approve Si'nahara' a genetical hypothesis thoroughly.

The cause of the discordance between the distribution curve in the
Japanese reported by Sunahara et al and that in the Caucasians (or negroes)
rerorted by Knight, Evans, etc. has not been cleared up yet, but as it is
illogical to suppose that a different law of inheritance holds for the
Japanese and Caucasians, the difference in laboratory techniques used by
Sunahara and other investigators must play an important role. For instance.
Clark discussed: "Sunahara et al (1960) have shown, using a very refined
microbiological technique that there is a trimodal distribution of serum
isoniazid in Japanese patients. This finding suggests that their technique
is able to separate out the three genotypes present in the population but
this has not been conclusively proved by means of an appropriate family
studiesr (C.A. Clark: "Genetics for the Clinician; Oford, 1962, p.1A1)
(The latter part of his conment is concerned with our earliest report, for
we are now successful in testing our genetical hypothesis based on the
result of family study as indicated in the annual report 1961 and other
reports of ours!



We established trimodal distribution curve in the Chinese and the Thai,
a larger percentage of which are slow inactivatorm as in the Caucasians, but
we have not been successful in collecting a sufficient number of blood of the
Caucasians to draw a distribution curve.

Early in 1963, Knight and Harris and we agreed to exchange sera of the
Caucasians and the Japanese between Philadelphia and Tokyo. Knight et al
determined active isoniazid concentration by means of the vertical diffusion
method modified by Mitchison which is a little different from ours in
detail. For instance, agar solution is added to serum and drug is diluted
by distilled water with agar instead of serum for the preparation of a
standard curve, etc.

Fig. 1 & 2 show the frequency distribution curve for the Caucasians
prepared by Knight et al and by us respectively. Based on this investiga-
tion, Knight wrote me recently: "We have confirmed your finding of
trimodality of the frequency distribution curve in Caucasians and Japanese
population...The difference in technique probably accounts for the small
difference between your result and ours..."

At last we are successful in cstablishing trimodality of frequency
distribution curve of the Caucasians and consequently the validity of our
genetical hypothesis will be verified, we believe, thoroughly regardless of
kinds of human races.

Fig 3 indicates the frequency distribution curve for the Japanese drawn
based on the data reported by Knight et al.
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Fig. 1 Frequency distribution curve of Caucasians (108 subjects)
determined by a modified vertical diffusion method
-Knight et al 1963
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Fig, 2 Frequency distribution curve of Caucasians (108 subjects)
(same sera as in Fig 1) deternmined by Urano and Sunahara
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Fig. 3 Frequency distribution curve of Japanese (105 subjects) by means

of a modified vertical diffusion method--Knight et al 1963
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II. BIOCHMICAL STUDIES ON ACETMLATIOM I3 ".NIM TISSUE

Not only species difference but also drug difference in respect to
acetylation in animal tissue was observed by us as reported already. For
instance, isoniazid was inactivated very vigorously by chicken liver or
pigeon liver, while it was only slightly affected by rabbit or rat liver.
Acetylation of sulfisoxazolc and PABA was very weak in chicken liver, while
sulfonilamide was inactivated in chicken and rigeon liver quite markedly.
P'ABX was acetylated very actively only by pigeon liver. We retorted also
that the addition of acetate, yyruvate or eo-A to the reaction system
enhanced acetylation to a remarkable degree in t~e chicken or rigeon, vhile
slight increase In acetylation was recorded In the gimeayig or rat.

1. EFFECT OF A'LTP ON XCETYLTIOV1

ATF is an essential energ7 source for acetylation as Lipmarn denonstrated.
Using Warburg vessel, we stulied the rdlationship between the amount of ATf
and acetylating activityr of chicker. liver homogenate. The exrerimentrl
condition was as follows:

Main chamber l/5 M phosphate buffer 0.3 ml
0.1 M mg cl 0.1
0.4 M Na F 0.1 Temperature:370

0.1 M . a acetate 0.4 Gas phase: Air
500 mcg/ml INH 0.4 Incubation time: 30 min.
0.4 g homogenate 1.0
H220 0.4

Side chamber 20% KOH 0.2

As indicated in f , though augnentation in the rnte of acetylation is
observed after the addition of ATF to the reaction system, it is difficult
to exceed 50% regardless of the increased doses of ATP. The erdogenous AO
in liver tissue accounts for 16% acetylation without any additional ATE.

Fie. 5 illustrates that there is a close correlation between acetylation
of sulfonilamide by the acetone powder extract of chicken live r and the
amoLmt of 0.15 M ATP added to a Kaplan-Lirmann's reaction system.

FrActionrl determination of adenosine derivatives being difficult, we
measured&7P content of the liver of several kinds of nlimls as shown in
Ft. It is needless to note that ADF, L and cre--tin phosphate were
also measured n= AP but ATP was believed to accopmt for 7040% of AT?.
As F shows there is almost no difference in average content of £7P
of the liver of various -n%..ba, it &a quite naturRl to suppose that the
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speoies difference in acetylating activity is not due to ATP content of
liver tissue. The pigeon liver which has the most actively acetylating
capacity is almost equal to the rat or mouse liver which acetylates
isoniazid to the least degree with respect to the ATP content.

2. RELATIONSHIP BETWEEV CO-A AND SF;EC.ES DIFFER12;CE IN ACETMLATION

In the Amnual Report 1962, we demonstrated that there was no correlation
between co-A content of the liver of several species of animals and their
capacity to acetylate isoniazid, sulfonilanide or PABA.

Fig. 7 reTresents tha't the acetylating activity increases to a certain
extent when co-A is added to acetone .owder extract of pigeon liver, but
it r'aches the maximurz limdt for each drug, sooner or later. The order
of the capacity is FABA, I1H and sulfonilanide. In Fig. 7/A , a diagram
is reproduced from the Annual Report 1962 to indicate the comparative
capacity of pigeon liver homogenate to acetylate isoniazid, sulfonilamide
and '. ,LA.

Fig. 8 deals with acetylation of +1e drugs by ace-one powder extract of
chicken liver. It iE noteworthy that acetylation of PF1A and sulfonilamide
rem.ained almost unchanged even after the addition of the maximum ,mount of
co-A to -he reaction mixture,
while isoniazid is acetylated markedly. Comparison of the rates of
acetylation among these three kinds of drugs by chicken liver homogenate
is shown in Fig. 8/A.

The relationship betweer drug and species difference in acetylation by
acetone rowder extract is illustrate, in F . Isoniazid is acetylated
very vigorously by the rigeon and also by the chicken but only to a
negligible degree by the guineapig regardless of an increas-ing amount of
co-A added to the reaction s~sten. It is renarkable that chicken liver
shows very weak capacity of acetylation in sharp contrast to pigeon liver.

Based on these observations, the tentative conclusion has been reached
that the species difference in acetylation does not depend on the content
of ATF, co-A or certain substrates in animal tissue but on either
quantitative or qualitative differerce in acetylase found in vaw.ious kinds
of animals.

According to Lipmann, the stages of acetylation are understood as follows:

ATP
(1) Acetate + co-A Acetylkinase -..cetyl co-A

(2) Acetyl co-A + Drug ------ > Acetylated drug + co-A
Transacetylase

Our further research will be concerned with differentiation of acetyl-
kinase and transacetylase and approach to the mechanism of individual,
species and drug difference in acetylation.
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Fig. 4 Effect of ATF added to the reaction system on acetylation of IB
by chicken liver homogenate
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Fig 6 ATY content of the liver of various kinds of animnls
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Fig 6 ATF content of the liver of various kinds of animaols
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Fig. 7 Caracity of aceton powder extract of rigeon liver to acetylatePABA, DT and sulfonila.mide, rclatef to a dose of co-, to
reaction system
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Fig, 8 Capacity of acetone lowder extract of chicken liver to acetylate

IPH, sulfonilrmi'e -rd PABA, rclated to a drse of co-AL aided to
reaction syster.
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III. DET!.,'R-f1LXM.T~ OF 150JJAZD DERIVATIVU, LOETU , 1 1 UBE~1~
BY ,. ýý-' Mw'riOn

We hrye studIL-d urin-~ry excretion of z.etr.bclites of isoniazid by Means
of Hughes' riothol which is a modificatirn~n of Short's -xthiod. A's Short
published reec'rdLy a new rodification of his nethod (Tubercle 42, 218-226,
1961), we tried to corl~are this nethol with Hughes' :.ethod.

In our prcvious study, we zzcesure- f'ree isoriiazil. ar! Yydrazone by
means of Short's notho-1 rrdified by HugheE, -rd: acetyl isoniazi- by
Kelly-foet's techwique riodifiez' by Tayaroa. In the presernt studly, Short's
technique which lerer-s on: the reaction of 1:2 rý.r-htic-rquinorne-4-stflyhcnic
acid with the twu> hy-Irogen -atO-'~s of the -1'Hi2 grout, cf hy.1razi-1 was used
for the -detern'irm,-tior~ of free isoniaz: -, hyirazonFer accetvl1 isoniazi'l.

Table I shows th.e actu~al values cf estfinatior. by Fu~t-c-' irethod (A')
- ~~and t-he rew Short's techniqu:e (B). Table 2 & 3 in%'-erOunta !1ra

r~rcertaigeff of t'?-e throe -,etý-bcliteE cxcrete-:1 it urinc :f three --uticct-.
-ftr the ornl -- ze of 4 rl-.r/k bcd.y weight cu or-, the basi s of

the values in Thmble 1. Ile vriue-c for hyirazonc by t)7e ronw iethof t
inferior to theat by th c ol'2 -, ethod -- -the E-.7act acoverse is rE with the
vn1ue of ýcetyl -scria-zil, as in-ic- ted in Fir. 10.

The estiratiloi of acetyl isorijazid, hydrazor,ýr iscniazif .r-n- free
isoniazi-1 on 15 subjects is chprterd in Fig. 11 & 12. The major Tart of scetyl
isoniazil is exmr-etel Aduring the first 12 hours, whil-t thtA of free isonieazid
and hyirazone during the first 6 hotr:-. :hIe tctlal ar-ut of the three cci~oun.is.
accounts in averige for 53.6% --f the 1coso off the alxinistrmtion as shown in
Table__4 and Mi- 13.

Fir. 14, 151 9 16 cderonstra-te the rem. -Ltonshil betwoer the biologically
active isoniaz17 concertr~tiorns 6 hours -.fter tle doze of 4 mgAkf_ body

-weight of isonimmid on the cn- ý-ard an2 acetyl ison-iazi:- or free isoni-azid
in 6, 12 or 24 hc~ur urine on teothlr.

The distinctioin of the three jTatterns of iSoriazid inactivation based on
urinary cexcretica of metabclitcs in Fig.~ 1 hich is azoncerncd with 6 hour
is nost clear-cut as conrared with Fig. 15 and 16, but the nunber of the
examined is too snall to draw a definite conclusion th-at we are able tc
classify the thr-ae 1'Thds of the -c-neticni trai-t on t.hf- basis of urinslysis.
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Table 1 i.ctual values for 3 hour urine (mg)

Method Kinis of Exrerint
netabolites " I__1• n b. 2 w 3

F 7.4 7.8 4.5
A F+H 12.5 11.7 8.2

F+H+A 42.0 44.5 45.3

F 7.0 7.7 4.1
B F+H 8.6 10.2 6.1

F41.0 39.7 46.5

Table 2 -Amunt of three kinds of metabolites it. 3 hour urine (ag)

Method Kinds of Experiment
metabolites No.1 i Fo.2 _ o.3

Free I2TH 7.4 7.8 4.5
A Hydrazone INi 5.1 3.9 3.7

Acetyl INH 29.5 32.8 37.1

Free I21H 7.0 7.7 4.1
B Hydrazone IfH 1.6 2.5 2.0

Acetyl miN 32.4 29.5 40.4
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Table 3 Relative amount of metabolites

Method Kinde of ftperiment

metabolites NIO. 1 Wo. 2 No. 3 rag
Free INH 17.6 17.5 9.9 15.0

A Hydrazone INH 12.1 8.7 8.2 9.7
Acetyl INH 70.3 73.8 81.9 75.3

Free INH 17.1 19.4 8.8 15.1B Hydrazone INH 3.9 6.3 4.3 7.7
Acetyl INH 79.0 74.3 86.9 80.2

Fig. 10 %

t !
SAcet.yl INH

501-

4 I~~re LINuLaaI

I °-
14



Fig. 11 Urinary excretion of acetyl, hydrazone rnd free IKF in 15 cases
after 4 mg/kg of oral adndnistration of IIH
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Fig. 12 Urinary excretion of acetyl, hydrazone and free Iip
in percentage (Average of f5 cases)
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Table 4 Urinary excretion of total I11 ifter 4 mg/kg of oral administration

of IIH in 15 cases

in 6 hours inl 12 hours in 24 hours

Aliverage 37.6% 50.6% 56.3%

Minim 16.9 25.2 34.2
.aximum 52.4 64.5 72.6

Fig. 13 Total INH excreted in urine
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IV STUDIES ON ISONIAZID INACTIVATION OF MO.KIZ

In view of establishing the relationship between blood levels of
isoniazid ard acetylating activity of the animal tissue and at the same
time for the purpose of investigating the netabolic patterns of isoniazid
in the animal species which is very close to human beings phylogeniticnlly,
our research on the monkey (tynomolgus--.i'.CA IRUS) is now in progress.

In this exreriment, the reaction system for the monkey tiesue homogenate
is arrstnged so as to contain a sufficient amount of AMf and co-A as follows:

M
-0- rhosyhate buffer (Fh 7.4) 0.5 ml

M Na ATP 0.3
50
.±l.M Cl2 ol
10 0.1

-46- M Na F 0.110
M1 Na acetate 0.4

500 meg/ml fN 0.4
Homogenate (25%) 1.0

i mg/ml co-A 0.2
Total 3.0

#% KOH 0.2

Incubated at 370 for 30 minutes

Fig. Indicates blood levels after the oral dose of 4 mg/kg body
weight, 8 mg/kg boly welht and 16 mg/kg body weight. As the blood levels
after the dose of 4 mg/kg is too low, it seems necessary to take
8 or 16 mg/kg as a test dose. Though we intend to draw a frequency
distribution curve of the blood levels of the monkey, the number of the
animals is too small to draw a reliable curve for the time being.

F. Tab show the acetylating capacities of the tissue
homogena es.
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Fig. 18 Lcetylating capacity of monkey liver (30 ronkeys)
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Table • Acetylating capacities of monkey tissue homogenates

Animal No. Liver Spleen
1 3.5% 5.6%
2 12.1 3.5
3 10.6 4.0
4 14.6 6.4
5 15.9 1.1
6 23.2 3.1
7 9.2 0
8 7.2 2,1 Animal No. 11
9 7.1 0

10 5.2 0.8 Liver 30.6%
11 30.6 0 Kidney 12.0
12 24.3 4.9 Heart 0
13 9.4 2.4 Brain 0.5
14 25.6 1.5 Lung 0
15 9.2 1.0 Spleen 0
16 11.7 4.5
17 11.2 7.2
18 15.8 1.0
19 31.4 0
20 21.8 5.5
21 21.6 12.0
22 13.6 0
23 9.2 12.5
24 27.5 2.5
25 27.2 0
26 16.5 3.7
27 10.7 2.4

_28 10.9 0
29 20.6 0
30 26.1 0

Average 16.12 2.94
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V FKI (FURY-2-METHI KETOF? ISONICOTINLHYDRAZONE)

FXI is a new derivative which has been synthesized in the laboratory of
the Dalichi Seiyaku Company in Tokyo in 1955 and later commercialized in
Italy. Italian investigators reported that it showed a very low minimum
inhibitory concentration against mycobacterium tubercvlosis in vitro, but
we could not confirm their findings. Prof. Kakkemi of Kyoto University
studied tl-e pattern of urinary excretion of free isoniazid after the dose of
FKI to animals and suprosed that this new com•ound must be highly long
acting.

The result of our deterrinat'on of the biologically active isoniazid
level after the or-l dose of FYI in comparison of isoniazid itself and other
]inls of isoniazidi which are conzercialized in Japan is as follows:

Dose flN{ 300mg (Erteric coating)
IHMS (INH-metasulfate) 300mg as INH ( 1
INHG (INH-glucuronate) "( t )
IFC (INH-ca-pyruvate) o( , )
FKI ( , 1 )

FKI showed higher levels than others at 10 hours as indicated in Fig. 19.

Fig. 19 Comparison of blood levels after the dose of various kinds of
M.h derivatives
0.9 mcg/na
0,a .n

0A. r *-.. '. - N,

0.7. ; o01 0

-0.6. FKI0-5-- o . , / "I / ' o-
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